Abstract. In this paper, a simple measurement system is presented. Taking into account the characteristics of optical fiber materials, in order to measure its young's modulus, the key is to design a device to measure the longitudinal length of the optical fiber when it is subjected to longitudinal tension. Therefore, according to the principle of "stretch method" to measure Young's modulus, the amplification principle of the reading microscope, and making use of CCD video camera and monitors and other instruments, we presented a simple device for measuring Young's elastic modulus of quartz fiber, the working principle of the block diagram has been given in the paper. By measuring the relevant data and computing, we give the measurement results of Young's modulus of quartz fiber. This conclusion is given in the case of small weight. The measuring device is simple and easy to operate, so the design has certain significance in laboratory.
Introduction
Young's elastic modulus is a high frequency of important physical quantity, many theories and phenomena are associated with it. Young's elastic modulus is a physical quantity which describing the solid material to resist deformation ability, it is one of the important parameters which often be considered for selecting materials in engineering design.
The Young's elastic modulus of general solid material can be measured, the measurement methods are more. Such as "Stretch method" is given in [1] , Method of beam's bending, shown in [2] , Vibration method, proposed in [3] , the experimental technique and method of measuring Young's modulus by the use of optical fiber displacement sensor, shown in [4] , Moire contouring, given in [5] and wires by an eddy current sensor proposed in [6] , Measurement of Young's modulus of elasticity by Michelson Interferometer, given in [7] , Study for measuring Young's modulus with optical lever, shown in [8] etc.
Although the Young's elastic modulus of quartz fiber has an important significance to study mechanical properties of optical fiber materials. However, the method of measuring the young's modulus of quartz fiber, so far, we have tried to access a lot of information, it is difficult to find the relevant literature. Especially the literature can not be checked on the simple device for measuring the Young's modulus of quartz optical fiber at present. Therefore, the purpose of this paper is to give a self-designed simple experimental device for measuring the Young's elastic modulus of quartz fiber and the measured value can be given.
By using the reading microscope, CCD video camera and display system, this self-designed simple experimental device has the characteristics of simple adjustment and convenient operation. The advantage of the simple device can measures the Young's elastic modulus of quartz fiber under normal circumstances. This is not only a beneficial reference to study the method of measuring the fiber Young's modulus and make it become simple and easy measurement method in the laboratory in the case of light weight. The experimental results are relatively good. So it has a certain practical significance in the laboratory.
System Design of Measuring the Young's Elastic Modulus of Quartz Fiber
System design Quartz optical fiber is different from general solid material, according to the characteristic of quartz optical fiber materials, once it is subjected to the tangential stress, quartz optical fiber materials is easy to be broken, so it is with protective sleeve in general. Thus it is not easy to measure the Young's elastic modulus of quartz optical fiber. Try to solve the following several aspects problem to avoid the tangential stress. First, make the card head fixed quartz optical fiber; Second, try to avoid the tangential stress when the quartz optical fiber is installed, make it is not broken by card head fixed quartz fiber; Third, when the hanging the quartz optical fiber is linked with the target, the tangential stress must be avoided between the target and the quartz optical fiber; Fourth, after the target is linked with the loading shelf, try to keep a vertical state of the quartz optical fiber when the weights are increased or decreased in the loading shelf; Fifth, when the weights are increased or decreased in the loading shelf, how to reflect the tiny change of the quartz optical fiber length by the moving distance of the target. These problems have been better solved by taking some technical means and experimental measures.
After the quartz optical fiber is pulled, the tiny change of its length is not easy to be measured by the common tools of measuring length. So, the target is connected at the lower end of the quartz optical fiber, the tiny change of its length is reflected by the micro displacement of the target linked with the optical fiber end, take advantage of the principle of amplifying tiny change of displacement by the reading microscope, so it is easy to be observed and measured.
CCD camera is a semiconductor imaging device, it has the characteristics of high sensitivity, anti glare, small distortion, small volume and shock resistance etc., so make CCD camera to align eyepiece, collecting image of the object photographed and focusing to the CCD chip through the lens, after filtering, amplification processing, forming the video signal output. The video signal is connected to the video input of the display system so that the video image can be observed, thus the measurement data which the target aligned can be recorded.
Measurement principle The block diagram of experimental apparatus is shown in Figure 1 , the target is connected at the lower end of the overhanging quartz optical fiber, and the target is linked with the loading shelf. When an object of mass m is added to the carrier, it is increased mg that the quartz fiber withstands the force, the target fall the same distance with the elongation of quartz fiber. Adjust the reading microscope eyepiece micrometer and CCD camera, make the target to image in the reticule of the reading microscope by the objective lens of the reading microscope, and it is amplified by eyepiece micrometer, the lens of CCD camera aligning eyepiece, collecting optical image signal and convergence to the CCD and change into video signal and transfer to the display system, it can be observed and recorded that the target image aligns one scale value Calculation formula For the tensile and compression deformation of the elastic object, while the deformation is very small, stress and strain obey Hooke's law. The length of the quartz optical fiber is l, the diameter is d, while the force in the longitudinal direction, if the strain is small, the strain is proportional to the stress, the coefficient of proportionality is the Young's modulus of quartz optical fiber, it is indicated by E, its international unit as "Pascal". So the calculation formula of the Young's modulus of quartz optical fiber can be given, as in
reading microscope target CCD camera display system Where K is the length variation of the quartz optical fiber which changing the unit mass of object on the loading shelf.
Measurement Results
After installing the device at room temperature, the device is adjusted until it reaching the state measured data. When finishing the measurement of length and diameter of quartz optical fiber, in the elastic limit range, several groups of the corresponding measured data can be obtained when the weights are increased or decreased in the loading shelf. The K value is calculated by least square method, on the one hand, the calculation error of K value can be reduced, and the optimum value of Young's modulus of quartz optical fiber is given, on the other hand, the standard deviation of K value can also be calculated to pave the way for calculating the uncertainty of Young's modulus. And then the value of length l, diameter d and K into the formula (1), we can obtained the E value, it can be reported values 1.02×10
11 [N·m -2 ] . It should be pointed out that this conclusion is given in the case of small weight in laboratory.
According to the formula (1), the formula for calculating the uncertainty of Young's modulus is derived, as shown in (2) . According to the formula (2), when the relevant data are put into (2) . On the basis of the measurement results, it can be concluded that the experimental device which measuring the Young's elastic modulus of quartz optical fiber basically meet the design requirements.
Conclusion
According to the above self-designed simple experimental device measuring the Young's elastic modulus of quartz optical fiber, the Young's elastic modulus of quartz optical fiber can be obtained in the case of small weight in laboratory, and the experimental measurement uncertainty is also relatively small. One hand, this shows that it is feasible which measuring the Young's elastic modulus of quartz optical fiber in the laboratory by this simple experimental device. The other hand, because the measurement process is relatively simple, and the uncertainty of measurement results can be also reported, therefore, the design of this system has some practical significance under laboratory conditions.
